ABSTRACT.-At the Appleton-Whittell Research Ranch, an ungrazed grassland preserve in southeastern Arizona, soil seed banks were sampled in June, August, and October 2002 and June 2003. Wildfire had previously burned 90% of the research ranch in May 2002. Seed density and species richness in burned native grassland (2 plots) were compared to those in burned exotic grassland (2 plots). Averaged over 4 sample dates, seed densities were as follows: burned native grassland, 591 ± 243.1 seeds ⋅ m -2 and 784 ± 334.9 seeds ⋅ m -2 ; burned exotic grassland, 501 ± 198.9 seeds ⋅ m -2 and 196 ± 123.8 seeds ⋅ m -2 . Species richness in the seed bank, also averaged over 4 sample dates, was as follows: burned native grassland, 16.3 ± 1.7 species ⋅ m -2 and 19.5 ± 1.0 species ⋅ m -2 ; burned exotic grassland, 12.0 ± 3.4 species ⋅ m -2 and 11.06 ± 2.5 species ⋅ m -2 . The seed bank of burned exotic grassland contained significantly fewer seeds and species than that of burned native grassland. In addition, the seed bank in burned exotic grassland comprised mainly exotic grasses, whereas annual and perennial herbs, most of them native, dominated the seed bank of burned native grassland. Of the 50 species detected in soil samples, only 20 had a persistent seed bank, and only 1 of these was a native perennial bunchgrass. The preponderance of transient species means that eradication of exotic grasses must be followed by reseeding of native grasses and herbs, perhaps repeatedly, if native grassland is to replace exotic grassland.
In a study conducted in southeastern Arizona between 1997 and 2001, grassland dominated by an exotic bunchgrass (Eragrostis curvula var. conferta) was less diverse than grassland dominated by native bunchgrasses (McLaughlin and Bowers 2006 ; see also ). Specifically, 1-m 2 quadrats in exotic grassland supported 72% fewer species on average than quadrats in native grassland and oak savanna (McLaughlin and Bowers 2006) . Suspecting that exotic grassland had been depleted of species belowground as well as aboveground, we undertook a baseline study to compare seed banks in native and exotic grasslands. Our study site was the AppletonWhittell Research Ranch, a grassland preserve in southeastern Arizona that had not been grazed by domestic livestock for more than 30 years.
A seed bank is simply the reservoir of seeds and fruits on or in the soil. Natural seed banks can be classified as long-term persistent (seed longevity ≥5 years), short-term persistent (>1 year to ≤4 years), or transient (≤1 year; Thompson et al. 1993) . Most bunchgrass species found in southeastern Arizona lack persistent seed banks (Major and Pyott 1966 , Rabinowitz 1981 , Hassan and West 1986 , Coffin and Lauenroth 1989 , Kinucan and Smeins 1992 . Their seeds typically disperse in summer or autumn, and germinate during the following summer if they receive enough rain (Abbott and Roundy 2003) . In the meantime, a substantial proportion are consumed by granivores (Brown et al. 1975, Pulliam and Brand 1975) . Uneaten seeds that fail to germinate within a year of dispersal presumably lose viability and eventually decay (Kinucan and Smeins 1992) .
Because native bunchgrass assemblages depend upon sexual reproduction to maintain their continuity, any event or disturbance that repeatedly or persistently removes the source of seeds can threaten community stability (O'Connor and Pickett 1992) . During the late 1800s, for example, a combination of heavy grazing by domestic livestock and severe drought greatly reduced native bunchgrass cover in parts of southeastern Arizona, leaving former grassland vulnerable to invasion by shrubs (Bahre 1991 , McPherson and Weltzin 2000 , Turner et al. 2003 . In California, especially in the foothills surrounding the Central Western North American Naturalist 67(2), © 2007, pp. 206-218 
EFFECTS OF EXOTIC GRASSES ON SOIL SEED BANKS IN SOUTHEASTERN ARIZONA GRASSLANDS
Valley, overgrazing in the 19th century depleted grasslands of native bunchgrasses, allowing exotic annual grasses to take their place (Burcham 1957, Major and Pyott 1966) . Southeastern Arizona grasslands face a similar threat from exotic grasses, particularly Eragrostis lehmanniana (Lehmann lovegrass) and E. curvula var. conferta (Boer lovegrass). These species were introduced by the Soil Conservation Service after the drought of the 1930s in an effort to prevent soil erosion and restore grass cover for the livestock industry (Crider 1945 , Cox et al. 1988 . They are undesirable in any landscape for which managers seek to preserve natural biodiversity. Fewer species of rodents, birds, and grasshoppers are found in stands of exotic lovegrasses than in stands of native bunchgrasses , and, as noted, the number of plant species is also lower (Bock et al. 1986, McLaughlin and Bowers 2006) . Seeds of both E. lehmanniana and E. curvula var. conferta have a high degree of dormancy (Weaver and Jordan 1986, Voigt et al. 1996) and likely can survive in the soil for several years. Persistent seed banks enable them to maintain local dominance despite fire, drought, and treatment with herbicides (Biedenbender and Roundy 1996, Voigt et al. 1996) .
One reason for determining the transience or persistence of seeds in the soil is to evaluate the potential of a community to rebound from destruction or degradation (Thompson et al. 1997) . Our goal at the outset was to determine what type of seed bank remained in exotic grassland to reestablish a diverse native community should some means of reducing exotics be found. Before our initial sampling of the seed bank, a wildfire burned 90% of the study area. All 8 of the study plots that we had established between 1997 and 1999 were burned, including the 4 plots where we had intended to compare seed banks of native and exotic grassland. Because fire had consumed both types of plots, we decided that it was still possible to make the comparison. In interpreting our data, we focused on the following questions: What is the density of seeds in the soil and how does it compare between native and exotic grasslands? Are seed banks in exotic grasslands poor in species compared to seed banks in native grasslands? Which species have persistent seed banks? And which are transient in the soil? STUDY AREA Our study area was the Appleton-Whittell Research Ranch in northeastern Santa Cruz County, Arizona. This 3240-ha reserve is operated by the National Audubon Society. It has not been grazed by domestic livestock since 1969 . The research ranch is located at 31°35′N and 110°30′W and lies between 1417 m and 1570 m above sea level.
Topography of the research ranch consists of nearly level mesas dissected by broad or narrow drainages. Grasslands occur on the mesa tops, and oak savannas are found in shallow drainages and on east-and north-facing slopes of major ravines. The grassland has been described as Madrean mixed-grass prairie (Bock and Bock 2000) (Brown 1982) with an overstory of Quercus emoryi, Q. arizonica, and Q. oblongifolia. On 30 April 2002, the Ryan Fire swept across the research ranch, burning >2900 ha. Only a small portion of native grassland remained unburned, but no exotic grassland communities escaped the fire.
Precipitation was recorded at the research ranch in 26 years from 1968 to 2003. Average annual precipitation during this period was 430 mm. At the nearest long-term weather station (Canelo, AZ, about 5 km distant), average annual precipitation from 1910 to 2003 was 460 mm. Mean temperature in June, the hottest month, was 32.4°C, and mean temperature in January, the coldest month, was -3.3°C (WRCC 2004) . About two-thirds of the annual precipitation falls in summer (July-September; . The winter rainy season is less well defined but generally lasts from November through February. Since 1998, Arizona has been in a major drought (McPhee et al. 2004) . The 1st year of our seed bank study (2002) was the driest on record in many parts of the state (McPhee et al. 2004 ).
METHODS

Sampling Soil Seed Banks
Between fall 1997 and spring 1999, we established four 0.1-ha plots (50 × 20 m) in unburned exotic grassland (plots 3 and 5) and unburned native grassland (plots 7 and 8). We monitored species richness on these plots from date of establishment to May 2001 (McLaughlin and Bowers 2006) . Plots 3 and 5 were dominated by E. curvula, and plots 7 and 8 by mixtures of native species. All 4 plots were located on mesa tops where the soil type was White House gravelly loam. Elevation above mean sea level was 1460 m at plot 3, 1480 m at plot 5, 1515 m at plot 7, and 1495 m at plot 8. Because the 4 plots were similar in soil type, topography, and elevation, it seemed likely that differences in seed banks between the native and exotic community types could be ascribed to E. curvula rather than to physical environment. Within each plot, we randomly placed ten 1-m 2 quadrats (0.5 × 2.0 m). Plots and quadrats were permanently marked with metal stakes. Shortly before we were scheduled to sample the soil seed banks, all 4 plots burned in the Ryan Fire. About 1 month after the fire, we established a 5th plot and a set of quadrats in the northwest corner of the research ranch where native grassland had not burned (plot 9). This additional plot provided supplementary information about seed persistence and seed bank composition. Because it was not a true control plot, we excluded it from statistical analyses.
To determine which species form persistent seed banks, samples should be taken when the germination season is over and shortly before new seeds disperse (Baskin and Baskin 1998) . Any viable seeds in the soil at that point likely belong to the persistent seed bank. At our study site, winter and summer rains result in 2 flowering seasons and also 2 germination seasons. Seeds of spring-flowering species disperse by late May or June; summer-and autumn-flowering species retain seeds as late as October. We sampled seed banks of all 5 plots in June, August, and October 2002 and June 2003. On each sample date, we collected 2 randomly located soil samples next to every quadrat by pounding a 10 × 10 × 2-cm metal frame into the ground and removing all soil within the frame to a depth of 2 cm. We stored soil samples in labeled paper bags at room temperature.
Seed Bank Size and Richness
We determined quantity and identity of viable seeds in the soil samples through germination trials. This method might underestimate the total seed bank if many seeds remain dormant; on the other hand, the flotation method, which typically retrieves many nonviable seeds, can overestimate the total seed bank (Gross 1990 ). Because of space limitations, we ran trials consecutively, rather than simultaneously, as follows: For each trial, the 2 soil samples for each quadrat were mixed, weighed, and divided in half. One half was set aside in case of greenhouse failure. The other half was sieved to remove rocks and other debris and then evenly sprinkled over moistened vermiculite in a plastic seedling tray (32.5 × 32.5 × 7.5 cm). There were 50 trays (5 plots × 10 quadrats), each representing a sampling area of about 1 dm 2 , for each germination trial. Seedling trays were kept in a greenhouse in Tucson, Arizona, and watered regularly. The greenhouse was cooled in summer and heated in winter but experienced considerable daily and seasonal temperature variation. Greenhouse temperatures, like those of the study site, were cool from November to March and warm from April to October. Daily, monthly, and seasonal variability in greenhouse temperatures helped ensure germination of a wide array of species; nevertheless, seeds of some species may have failed to germinate because of dormancy. Our seedling counts are therefore best regarded as a measure of the germinable seed bank rather than the total seed bank.
Once emergence began, we counted seedlings weekly for 5 to 8 weeks until no new seedlings emerged. We marked each new seedling with a toothpick and identified it as a monocotyledon or dicotyledon. As early as possible, we further identified seedlings to species; in the meantime, we assigned a unique descriptor to each morphologically distinct entity (e.g., grass #1, rosette #3). At the end of each trial, we transplanted representative unidentified seedlings to individual containers, which we kept in the greenhouse until seedlings could be identified.
We used seedling counts as a measure of the germinable seed bank on a given sample date; these counts included all seedlings that emerged in a given tray, whether identified to species or not. We expressed seed density for each plot as the average of ten 1-dm 2 samples (number of seeds ⋅ dm -2 ) or as the sum of ten 1-dm 2 samples (number of seeds ⋅ m -2 ). We used the number of morphologically distinct entities that emerged in each tray as a measure of species richness in the seed bank, again expressed for each plot as the average of ten 1-dm 2 samples (number of species ⋅ dm -2 ) or as the total number of species found in ten 1-dm 2 samples (number of species ⋅ m -2 ).
Data Analysis
For burned grassland, we used repeated measures ANOVA to examine effects of community type (exotic vs. native) and sample date on number of seeds ⋅ dm -2 or number of species ⋅ dm -2 . Sample size for these 2 tests was 40 (4 plots × 10 quadrats). Although we did not undertake a statistical comparison of burned and unburned native grassland, we calculated and reported seed density and species richness for both "treatments" as a matter of interest. Following Thompson and Grime (1979) , we used temporal patterns of abundance (number of seeds ⋅ m -2 ) to determine whether seeds of individual species were transient (present in seed bank <1 year) or persistent (present in seed bank ≥1 year). If seeds of a species were found at every sample date when greenhouse temperatures were warm enough for germination, we considered the species to be persistent. If the seed bank of a species fell to 0 during its germination season, we considered that species to be transient (while acknowledging that some species may have been present only as dormant seeds). Finally, we categorized seedlings by functional group (exotic grasses, native grasses, annual herbs, and perennial herbs), then compared plots in terms of functional group composition. For this comparison, we averaged number of seeds ⋅ m -2 over 4 sample dates.
RESULTS
Seed Density
In burned exotic grassland plots, average seed density (±1 s) over 4 sample dates was 501 ± 198.9 seeds ⋅ m -2 and 196 ± 123.8 seeds ⋅ m -2 , whereas burned native grassland plots averaged 591 ± 243.1 seeds ⋅ m -2 and 784 ± 334.9 seeds ⋅ m -2 . Averaged over 4 sample dates, seed density (±1 s) of unburned native grassland was 1158 ± 250.7 seeds ⋅ m -2 . In repeated measures ANOVA, seed banks in burned exotic grassland were significantly smaller than those in burned native grassland ( Table 1 ). The effect of time within treatments was also significant (Table 1) . Seed density in burned native grassland rose more or less steadily throughout the 13 months of sampling. In burned exotic grassland, seed density essentially leveled off after the 5th month (Fig. 1) . The significant interaction between treatment (exotic vs. native) and time (Table 1) 
Species Richness
Averaged across all 4 sample dates (±1 s), there were 12.0 ± 3.4 seeds ⋅ m -2 and 11.06 ± 2.5 seeds ⋅ m -2 in burned exotic grassland plots, in contrast to 16.3 ± 1.7 seeds ⋅ m -2 and 19.5 ± 1.0 seeds ⋅ m -2 in burned native grassland plots.
Richness of the seed bank in unburned native grassland was 21.8 ± 3.0 seeds ⋅ m -2 , also averaged across 4 sample dates. In repeated measures ANOVA, seed banks in burned exotic grassland contained significantly fewer species than those in burned native grassland (Table 2) . Sample date had a significant effect on richness within treatments ( (Fig. 2) . The interaction between treatment and time was not significant (Table  2 ). In unburned native grassland, species richness fluctuated around the summer germination season, with a high point at the beginning of the season in June and a low point at the end of the season in October (Fig. 2) .
Trends in Functional Groups
The functional group composition of seed banks differed markedly between plots (Fig. 3) . Annual and perennial herbs were much more numerous in native grassland (plots 7, 8, and 9) than in exotic grassland (plots 3 and 5). Native grasses appeared in modest quantities in native grassland and appeared in minute quantities in exotic grassland. Exotic grasses (mainly E. curvula var. conferta) dominated the seed bank of exotic grassland but were were virtually absent from native grassland.
Trends in Individual Species
Unfortunately, 21% of seedlings in the greenhouse died before they could be identified to species. Even so, we were able to examine temporal patterns of seed abundance for the most common species (≥5 seeds ⋅ m -2 on at least 1 sample date) and assess their persistence in the soil (Tables 3, 4) . As we will discuss, 20 species had persistent seed banks; the remainder were likely transient. Altogether, we identified 50 taxa to genus or species: 15 grasses and flat-sedges (Cyperaceae), 34 annual and perennial herbs, and 1 tree ( . We initially hypothesized that loss of species over the past 5 decades should have greatly reduced the seed bank, and our results showed that this was indeed the case. We found that burned exotic grassland had a smaller reserve of seeds in the soil than burned native grassland (Fig. 1) , that this reserve was poor in species compared to native grassland (Fig. 2) , and that its main component was exotic grasses (Fig. 3) , particularly E. curvula var. conferta. In contrast to most native species at our study site, E. curvula has a persistent seed bank (see below). Restoration efforts in natural preserves typically involve 2 somewhat independent processes: elimination of exotics and reestablishment of natives. At the research ranch, it appears that even if E. curvula can be eliminated, the seed bank in exotic grassland is so depleted of natives that the plant community is not likely to revert to its original status without substantial intervention. Other researchers have come to similar conclusions about Great Basin shrubsteppe (Hassan and West 1986, Humphrey and Schupp 2001) and South African fynbos (Holmes 2002 ).
Longevity of Perennial Grass Seeds
Native perennial grasses in our region germinate during the summer rainy season. With few exceptions, seeds of these species do not persist between years (Major and Pyott 1966 , Rabinowitz 1981 , Hassan and West 1986 , Coffin and Lauenroth 1989 , Kinucan and Smeins 1992 cryptandrus (Coffin and Lauenroth 1989) . In our study, Eragrostis intermedia carried some seeds through the summer germination period and was likely persistent, assuming that its absence from the October sample can be explained by cool greenhouse temperatures (Tables 3, 4) . Abundance of the exotic perennial grass E. curvula var. conferta dropped to a low level during the summer germination season, suggesting that its seed bank, although persistent, was small (Table 3) . Because E. curvula seeds are persistent, eradication efforts will need to target seedlings for at least 1 year after adults have been eliminated (Biedenbender and Roundy 1996) . A small number of unidentified grass seedlings emerged from the June 2002 sample, but other than E. curvula and E. intermedia, no perennial grasses emerged from the August 2002 sample. Greenhouse temperatures should have been warm enough for germination of grass seeds in the August sample, so it seems likely that seeds of most perennial grasses did not persist from June to August. Our results agree with a field study in which summer rain that germinated virtually all native grass seeds did not germinate all exotic lovegrass seeds (Abbott and Roundy 2003) ; thus, sufficient rain exhausted the seed bank of native perennial grasses but not that of exotic lovegrass (Abbott and Roundy 2003) .
Longevity of Perennial Herb Seeds
Among perennial herbs, Astragalus nothoxys, Gnaphalium canescens, Erigeron spp., and Verbena gracilis were present at every sample date and can be considered persistent (Tables 3, 4 ). An earlier study (Kinucan and Smeins 1992 ) also found that Verbena gracilis has a persistent seed bank. Portulaca suffrutescens and Guilleminea densa were absent in October, when temperatures were perhaps too low for germination, but present at all other sample dates (albeit in low numbers at times); these species probably had persistent seeds. Although not previously known from any plot, Dalea albiflora was detected in soil samples (Table 5) ; such behavior is indicative of a persistent seed bank (Thompson et al. 1993) . Seeds of Lotus greenei were found only in June (Table  4) , probably indicating that this perennial herb is transient in the seed bank; alternatively, seeds may have been present in our samples in other months, but dormant and therefore not detected as emergent seedlings.
212
WESTERN NORTH AMERICAN NATURALIST [Volume 67 (Table 5) . Some species of Juniperus maintain small persistent seed banks (Clemente et al. 2004 , Van Auken et al. 2004 , whereas others do not (Tunnell et al. 2004 ); our evidence is too scanty for a firm conclusion about J. deppeana.
Longevity of Seeds of Annual Plants
Winter annuals in our region germinate during late autumn and winter, and flower in spring. Summer annuals germinate and flower during the summer rainy season. Seed banks of winter and summer annuals showed contrasting patterns for the most part. Many summer annuals detected in our samples were present in the June seed bank but were virtually or entirely absent from the August seed bank and can therefore be regarded as transient. They included Chamaechrista nictitans, Chamaesyce hyssopifolia, Diodia teres, Portulaca umbraticola, and Sida spinosa (Tables 3,  4) . We found certain other summer annuals (Acalypha neomexicana, Eriochloa acuminata, Ipomoea costellata, and Panicum hirticaule) in such small numbers (1 or 2 seeds in 200 samples) that we assume they were transient as well. We detected these latter summer annuals on the unburned plot as well, so their low abundance cannot be ascribed to fire. It is, of course, possible that these species were present in our samples but were largely dormant.
In contrast to seeds of many summer annuals, those of winter annuals were probably long lived in the soil. These included Gamochaeta purpurea (L.) Cabrera, Gilia mexicana, Nuttallanthus texanus (Scheele) D.A. Sutton, and Plantago patagonica. All 4 were found in the October sample, and some were found in small numbers in other months (Tables 3, 4) . Another winter annual, Vulpia octoflora, was detected in small quantities in August (Table  4) . Plantago patagonica and Vulpia octoflora are known to have persistent seed banks (Pake and Venable 1996 ; see also Coffin and Lauenroth 1989) , just like most winter annuals in our region that have been studied (Venable and Pake 1999 and found seeds of Gamochaeta, Gilia, Nuttallanthus, Plantago, and Vulpia, we could conclude with certainty that all these winter annuals have persistent seed banks; as it is, we can say only that their persistence in the soil is very likely.
Seed bank dynamics of summer and winter annuals at our study site may be adapted to regional precipitation patterns. Summer annuals in southeastern Arizona typically germinate in July and August and complete their life cycle by September or October. The convective storms that trigger their germination are temporally reliable but spatially variable. Winter annuals germinate between October and March and disperse seeds by April or May. In southeastern Arizona, winter rains arrive as frontal systems that cover a broad area but are temporally variable. Freas and Kemp (1983) speculated that in keeping with these precipitation patterns, the germination fraction should be large for summer annuals, which experience suitable if scattered conditions for germination every year, and small for winter annuals, which face a much higher risk of extinction. If their hypothesis is correct, one would expect summer annuals to have transient seed banks and winter annuals to have persistent seed banks. Our results support this idea.
Not all summer annuals had transient seed banks, however. Exceptions to the general pattern included Mollugo verticillata, which maintained a sizeable seed bank (Tables 3, 4) , and Eragrostis pectinacea, which germinated in small numbers after every sample date. Note also that 4 summer annuals (Aristida adscensionis, Cyperus squarrosus, Lipocarpha micrantha (Vahl) G. Tucker, and Pectis prostrata) germinated on plots where they were previously unknown (Table 5 ). Although such behavior is considered to be a strong indication of persistent seed banks (Thompson et al. 1993) , we found only a single seed of A. adscensionis, scanty evidence on which to base a conclusion about persistence, and P. prostrata appeared only in the final sample of the study, which suggests recent immigration. We do accept the implication that seeds of L. micrantha and C. squarrosus persist in the soil; moreover, C. squarrosus is known to have a persistent seed bank (Kinucan and Smeins 1992) .
Finally, several species cannot be classified as winter or summer annuals. Laennecia coulteri, which blooms from late spring to autumn (Kearney and Peebles 1969) , emerged in substantial numbers in all months (Tables 3, 4) and clearly had a persistent seed bank. This species was not known from the flora of any plot before the Ryan Fire (McLaughlin and Bowers unpublished data) but was afterward found in the seed banks of all plots (Table 5) . Machaeranthera gracilis, which blooms from early spring to autumn (Kearney and Peebles 1969) , maintained a small seed bank during the germination season (Table 4 ) and probably had persistent seeds. Similarly, Heliomeris longifolia var. annua, a summer and autumn bloomer, was not previously known from any plot (Table 5 ) and was doubtless persistent. Soil samples taken at the research ranch in 1986 and 1987 demonstrated that Heterotheca subaxillaris, another biseasonally flowering annual or biennial (Kearney and Peebles 1969), also has a persistent seed bank (O'Shea-Stone 1988) . Laennecia, Machaeranthera, and Heterotheca commonly colonize disturbed sites such as roadsides. Their persistent seed banks allow seeds to remain in the soil until disturbance creates appropriate habitat.
The Role of Seed Banks in Southeastern Arizona Grasslands
Our results confirm earlier findings that North American grasslands do not depend on persistent seed banks for continuity (e.g., Major and Pyott 1966 , O'Shea-Stone 1988 , Coffin and Lauenroth 1989 , Kinucan and Smeins 1992 . Of 111 species found growing on plots 3, 5, 7, and 8 between 1997 and 2001 (Bowers and McLaughlin unpublished data) , only 50 were represented as identifiable taxa in the seed bank (Table 5) . As was the case in north central New Mexico (Henderson et al. 1988 ), most species were already known from their respective communities (Table 5 ). Conversely, most species known from our plot floras were not detected as seeds in our soil samples. Some of these absent species were truly transient in the soil. Others died before we could identify them as something other than morphologically distinct entities. Still other species doubtless would have been detected had their seeds not been destroyed by wildfire. Despite these unknown quantities, it appears that the majority of species in the plot floras lacked persistent seed banks. Our site is not one where many species remain dormant in the soil for years waiting for severe, unpredictable disturbance of soil or vegetation to open up gaps and provide light (e.g., Thompson and Grime 1979) . Rather, bare ground is readily available, and frequent fires and droughts open up the community still further. Transient seeds are well suited to such conditions. On the other hand, the preponderance of transient species in the seed bank means that native seeds must be sown after exotic grasses have been eradicated. Otherwise, recovery of native grassland will be long delayed. Given interannual variability in summer rain, it might be necessary to sow native seeds twice per summer for several consecutive years to achieve successful establishment (Biedenbender and Roundy 1996) .
